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(54) PRODUCTION OF HIGH-PRESSURE GASEOUS HYDROGEN 
(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
suppress liquid resistance without adding a large amt. of 
electrolyte and to easily produce gaseous hydrogen of a 
high pressure with high electrolytic efficiency. 
SOLUTION: Water is supplied to an anode chamber 16 
and cathode chamber 1 7, respectively, which are 
partitioned by an insulative diaphragm 14 which is 
permeable to H+ ions and OH- ions but have poor air 
permeability. An electrolysis is effected by maintaining 
the water of the anode chamber 1 6 and the cathode 
chamber 1 7 in a subcritical state and superctritical 
state, respectively. Either or both of the pressure or 
temp, of the water contg. the gaseous hydrogen in the 
subcritical state or superctritical state generated in the 
anode chamber 1 7 is lowered, by which the gaseous 
hydrogen of the high pressure is taken out. 
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♦ NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which supplies water to the anode plate room (16) divided with the 
insulating diaphragm with scarce permeability (14), and a cathode room (17), respectively 
although H+ ion and OH-ion are penetrated. The process which electrolyzes by changing the 
water of said anode plate room (16) and a cathode room (17) into a subcritical state or a 
supercritical condition, respectively. The manufacture approach of high-pressure hydrogen gas 
including the process which takes out high-pressure hydrogen gas by reducing either or the both 
sides of the pressure of the water containing the hydrogen gas of the subcritical state produced 
at said cathode room (17), or a supercritical condition, or temperature. 

[Claim 2] The manufacture approach of the high-pressure hydrogen gas according to claim 1 
added to the water supplied to an anode plate room (16) and a cathode room (17) after cooling 
the residual liquor which took out high-pressure hydrogen gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of electrolyzing the water of a 
subcritical state or a supercritical condition, and manufacturing high-pressure hydrogen gas. 
[0002] 

[Description of the Prior Art] Manufacture of the hydrogen by electrolysis is performed for many 
years, room temperature [ after adding a lot of electrolytes (for example, number - alkali, such as 
dozens of% of sodium hydroxide and a potassium hydroxide) in water in order to raise the 
conductivity of water in a conventional method since conductivity is bad when electrolyzing 
water ] - 1 00 — it energizes by the pressure of the temperature of dozens of degrees C, and 
ordinary pressure - 10 atmospheric pressure, and hydrogen gas is manufactured. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned conventional 
approach, the hydrogen gas generated by electrolysis exists as air bubbles in underwater and an 
electrode surface, and has the problem on which these air bubbles increase liquid resistance 
(electric resistance value of a liquid), and reduce electrolysis effectiveness. Moreover, since it is 
necessary to add a lot of electrolytes, there is un-arranging [ for which a manufacturing cost 
increases ]. Furthermore, to manufacture high-pressure hydrogen gas, it is necessary to 
pressurize the hydrogen gas produced in electrolysis. The purpose of this invention can control 
liquid resistance, without adding a lot of electrolytes, and is to offer the approach of 
manufacturing high-pressure hydrogen gas easily at high electrolysis effectiveness. 
[0004] 

[Means for Solving the Problem] The process which supplies water to the anode plate room 1 6 
divided with the insulating diaphragm 14 with scarce permeability, and the cathode room 17, 
respectively although invention concerning claim 1 penetrates H+ ion and OH-ion as shown in 
draw ing 1 , The process which electrolyzes by changing the water of the anode plate room 16 
and the cathode room 1 7 into a subcritical state or a supercritical condition, respectively, It is 
the manufacture approach of high-pressure hydrogen gas including the process which takes out 
high-pressure hydrogen gas by reducing either or the both sides of the pressure of the water 
containing the hydrogen gas of the subcritical state produced at the cathode room 1 7, or a 
supercritical condition, or temperature. Since the water of a subcritical state or a supercritical 
condition has a diffusing capacity superior to usual water and the mass transfer in an electrode 
surface happens promptly, the hydrogen gas generated in the electrode surface of the cathode 
room 1 7 forms promptly the water and the homogeneity phase which are the electrolytic 
solution. Consequently, the amount of air bubbles of the hydrogen gas generated in the amount 
of air bubbles of the hydrogen gas generated in the above-mentioned electrode surface and the 
electrolytic solution falls, and liquid resistance is controlled. Moreover, since a reaction rate 
becomes large according to an elevated temperature, electrolysis effectiveness improves. 
Furthermore, high-pressure hydrogen gas is obtained after electrolysis, without establishing a 
speciahpressurization means. 

[0005] Invention concerning claim 2 is invention concerning claim 1. and after it cools the 
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residual liquor which took out high-pressure hydrogen gas, it is the manufacture approach of the 
high-pressure hydrogen gas added to the water supplied to the anode plate room 16 and the 
cathode room 1 7. The residual liquor which took out high-pressure hydrogen gas is reused as 
some electrolytic solutions. 
[0006] 

[Embodiment of the Invention] In this invention, the subcritical state of water means the 
condition of the water which is 200-374 degrees C in temperature, and is in the pressure of 
1 60-21 5kg/cm2. Moreover, the supercritical condition of water means the condition of the water 
which is 374-400 degrees C in temperature, and is in the pressure of 215-300kg/cm2. A 
reaction is slow and electrolysis effectiveness is not good at under the lower limit of the 
temperature in a subcritical state, and a pressure. Moreover, if the upper limit of the 
temperature in a supercritical condition and a pressure is exceeded, a load is applied to a 
reaction container too much, and this is not efficient, either. 

[0007] When enforcing the manufacture approach of the high-pressure hydrogen gas of this 
invention, equipment as shown in drawing 1 is used. Water (H20) is first supplied to a tank 12 
through a bulb 11. The water stored in this tank 12 is supplied to the reaction container 13. The 
reaction container 13 has the anode plate room 16 and the cathode room 17 which were divided 
by the insulating diaphragm 14. The water of a tank 12 is specifically pressurized by the anode 
plate room 16 of the reaction container 13 by pump 19a through bulb 18a, and it is heated by 
pre-heater 21a, and it will be in a subcritical state or a supercritical condition, and will be fed. On 
the other hand, the water of a tank 12 is pressurized by the cathode room 17 by pump 19b 
through bulb 18b. and it is heated by pre-heater 21b, and it will be in a subcritical state or a 
supercritical condition, and will be fed. The heater 23 which heats the water in the anode plate 
room 1 6 and the cathode room 1 7 is formed in the perimeter of the reaction container 1 3, and, 
as for water, this maintains a subcritical state or a supercritical condition in the reaction 
container 13. The cathode 27 inserted in the anode plate 26 and the cathode room 17 which 
were inserted in the anode plate room 16 is connected to a power source 28, respectively. 
[0008] As an ingredient of the electrode which constitutes this anode plate 26 and cathode 27. a 
metal, solid electrolytes, etc., such as platinum, titanium, a tantalum, and an iron system, can be 
used. The configuration of a plate, a rod, a network, etc. is sufficient as the configuration of an 
electrode. Moreover, since supercritical water has the diffusing power superior to usual water, 
when a porous electrode is used, it has the advantage which breadth reaction effectiveness 
increases [ the effective reaction surface area of an electrode ]. Moreover, although H+ ion and 
OH-ion are penetrated as an insulating diaphragm 14, permeability is scarce, for example, 
porosity ceramics, such as a silica and an alumina, are used. Although these insulators are 
porous membrane which has the aperture of a micron unit and water is passed, most of the 
generated hydrogen gas or oxygen gas has the property which is not passed. If it energizes to an 
anode plate 26 and cathode 27 in this condition, as shown in a degree type, water is electrolyzed. 
hydrogen gas (H2 gas) will be generated at the cathode room 17, and oxygen gas (02 gas) will 
generate it at the anode plate room 1 6, respectively. Since the anode plate room 1 6 and the 
cathode room 17 are isolated by the insulating diaphragm 14, the hydrogen gas and oxygen gas 
which occurred are not mixed. 

[0009] a cathode room — 1 7: 20H — > H20 + 2e — the water containing the hydrogen gas 
generated at - + 1 / 202** cathode room 17 is picked out from the reaction container 13. and is 
sent to the separation tub 31 of hydrogen and water through a reducing valve 29. : 2H20 + 2e — 
> 20H- + H2** anode plate room 16 Here, it separates into water and high-pressure hydrogen 
gas by descending a pressure with a reducing valve 29. The separated high-pressure hydrogen 
gas is sent and saved through a bulb 32 at the high-pressure hydrogen storage tank 33. After 
being cooled with a condensator 34, the water separated from hydrogen gas by the separation 
tub 31 of hydrogen and water is pressurized with a pump 36. is collected by the tank 12, and is 
reused as the electrolytic solution of the reaction container 13. 

[0010] It is taken out from the reaction container 13, on the other hand, a distributing valve 37 
reaches, and the water which, on the other hand, contains the oxygen gas which occurred at the 
anode plate room 16 is sent to the separation tub 39 of oxygen and water through a reducing 
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valve 38. Here, it separates into water and oxygen gas by descending a pressure with a reducing 
valve 38. The water containing the oxygen gas which passed through another side of a 
distributing valve 37 is sent and saved in the saturation oxygen content tank 41. The saturation 
oxygen content water of this tank 41 is used for liquefaction of coal etc. The separated high- 
pressure oxygen gas is sent and saved through a bulb 42 at the high-pressure-oxygen storage 
tank 43, and the water separated from oxygen gas by the separation tub 39 is collected by the 
tank 12 through a bulb 44. and is reused as the electrolytic solution of the reaction container 13. 

[0011] 

[Effect of the Invention] Water is supplied to the anode plate room and cathode room which H+ 
ion and OH-ion were penetrated according to this invention as stated above, but were divided 
with the insulating diaphragm with scarce permeability, respectively. It electrolyzes by changing 
the water of an anode plate room and a cathode room into a subcritical state or a supercritical 
condition, respectively. Since high-pressure hydrogen gas was taken out by reducing either or 
the both sides of the pressure of the water containing the hydrogen gas of the subcritical state 
produced at the cathode room, or a supercritical condition, or temperature The amount of air 
bubbles of the hydrogen gas generated in the amount of air bubbles of the hydrogen gas 
generated in an electrode surface and the electrolytic solution falls, and liquid resistance is 
controlled. Moreover, electrolysis effectiveness can be raised, without adding a lot of 
electrolytes like a conventional method. Moreover, high-pressure hydrogen gas is obtained, 
without establishing the pressurization means by which it is special after electrolysis. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawi ng 1] The block diagram of the manufacturing installation of the high-pressure hydrogen 
gas of this invention. 
[Description of Notations] 
14 Insulating Diaphragm 

1 6 Anode Plate Room 

1 7 Cathode Room 
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